dye laser and a XeCI discharge laser employing an unstable resonator, has been demonstrated. The simplicity of the scheme makes it a convenient laboratory tool for a wide range of applications.
Metal-dielectric composites possess many interesting physical properties. From the study of these much has been learned about percolation theory, the metal-insulator transition, effective medium theories, etc. I Composites also have important technological applications such as thin-film resistors and photothermal absorbers. Previously the optical properties, microstructure, and photothermal absorber applications of coevaporated metal-dielectric composite films have been reported. 2 ,3 This letter reports the observation of a new physical property of coevaporated metal-dielectric films: the dramatic enlargement of the surface roughness on Mol AI 2 0 3 films when the deposition temperature exceeds a certain mini-(al mum (which is higher than temperatures 2 .3 reported previously), We then show how this effect can be used in an improved photothermal absorber system to produce solar absorptivities that are higher than those of any other selective absorbers reported in the literature, 4 The Mol AI 2 0 3 composite films discussed here were coevaporated in high vacuum from two separate electron beam sources, The substrates were heated to as high as 600 °C during deposition. With respect to a normal to the substrate, the vapor streams impinged at 0° for Mo and 35° for A1 2 0 3 , The surface of one such film, deposited at 600°C, is pictured in Fig, l( (b) Surface of a Mol AI,O, absorber deposited at 600 'C which is designed as shown in Fig. 2(b) . See Fig, 31b ) and the bottom entry of Table I . a uniform metal fill fraction of 30%. The roughness is as large as 1 f1.m in places, making it the roughest film studied. Large voids are also present. Thinner, uniform composition, dielectric-rich Mol Al 2 0 3 films were deposited at various temperatures and examined with a transmission electron microscope. Mo particles were dispersed in the A1 2 0 3 , and had roughly circular cross sections with mean diameters that increased with the deposition temperature: from :S 50 A at RT, to 350 A at 400·C and 750 A at 600 ·C.
Numerous Mol Al 2 0 3 absorbers were made using two different designs. Figure 2 (a) depicts the graded-index tandem absorber which has been fully described previously.2,3
The new design is shown in Fig. 2(b) . The solar absorptivity a
the normalized solar spectrum, and R sd (Ii ) andR d (Ii ) are the specular and diffuse reflectances, at RT and near-normal incidence. The normal thermal emissivity En is approximated by En = SU(liT) ]dli, where U(liT) is the normalized blackbody distribution; also, Ii is the wavelength and T is the temperature. Figure 2 (a) can be summarized as follows: the top (AIP3) passivating layer retards the hightemperature oxidation of Mo in air. The Mo reflector layer ensures a low En' Reflection from the highly absorbing composite layer is reduced by "grading" (increasing) the metal fill fraction (and hence refractive index) from the top to bottom. Typical results for the solar performance are in the first entry of Table I , where we see that Mol Al 2 0 3 absorbers Fig. 2(a) . See the second entry of Table I . (b) Absorber of the modified design as shown in Fig. 2Ib ).
Refer to the third entry of Table I and Fig. lib) .
showed marginally better solar performance than previously reported Nil Al 2 0 3 and Ptl Al 2 0 3 absorbers when deposition and design parameters were similar,2,3 But when the deposition temperature was raised to 600 ·C, Mol Al 2 0 3 absorbers with the standard design [ Fig.  2(a) ) showed higher a and larger surface roughness but no increase in En' Reflectance and heat stability results are shown in Fig. 3(a) and the second entry of Table I . This desirable trend was completed by first depositing a composite layer and then following with the usual layers. The complete structure is depicted in Fig. 2(b) . Since the Mo layer was independently determined to be opaque, the bottom composite layer serves only as a simple and very effective template in making an absorber with an even larger degree of surface roughness. With all layers deposited at 600 ·C, one such absorber had an a of99.2% and again no increase in En' (Note that the measured value for a always includes any small diffuse reflectance.) The large front surface roughness is pictured in Fig. l(b) . The reflectance is shown in Fig. 3(b) and the heat stability is detailed in the bottom entry of Table  I .
We now discuss these results. The surface roughness caused a to increase and the front surface reflection to decrease because the refractive index of a rough absorber starts at unity. In contrast the refractive index of a smooth absorber starts at that of the pure dielectric (;:::: 1.6). Recently Craighead et al. have used reactive ion etching (RIE) to roughen a Si0 2 layer deposited on a composite absorber, thereby decreasing front surface reflectance. 5 Here we achieved that effect without introducing any new process steps or raising En (as happened there). Although the increase in a here is about 5%, it can significantly raise the overall efficiency in applications where the solar insolation is highly concentrated.
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6 Additionally, the roughness improved the spectral selectivity. Different applications would also benefit from the "step-function" shaped reflectance spectrum of Fig. 3(b) . They would merely require the step to occur at a shorter (longer) wavelength which can be easily accomplished by using a thinner (thicker) absorber.
We emphasize that this improvement is due to the new absorber design [ Fig. 2(b) ) with which we were able to fully exploit the previously unknown roughening effect. The improvement is little affected by the use of a metal different from that of previous work.
For geometrical reasons, porosity and voids increase with surface roughness. This facilitates the oxidation of Mo in air as shown in Table I . But the stability in vacuum is not affected by voids, and it is here (and not in the optical performance) that the advantage of using a refractory metal becomes apparent.
It is not straightforward to explain the sharp increase of surface roughness with temperature. In the literatue there are many rigorous theoretical treatments and direct, in-situ observations of one component thin-film nucleation and growth.
7 But none of these are easily applicable to the codeposition of a metal and dielectric. Here the transmission electron microscopy studies reveal that the Mo particle size increased with temperature less sharply than did the surface roughness. But this comparison may be misleading because the two sets of data come from different samples with different thicknesses and substrate materials. Experimental constraints make these differences unavoidable. Therefore the Mo particle size is not known accurately. Since nucleation is a thermally activated process, one might expect the Mo particle size to increase sharply with temperature. But this leads to surface roughness only if the vertical growth of the Mo particles proceeds at a different rate than the A1 2 0 3 .
Consider the well known effect of thin-film agglomeration which is induced by high-temperature annealing. x There one sees large surface roughness and hillock formation, which are attributed to thermal stress. In a codeposited, metal-dielectric film, thermal stress might also be important.
